Glutamate dehydrogenases catalyze the oxidative amination ofa-ketoglutarate to glutamate and the reductive deamination of glutamate. This enzyme, therefore, can function in either ammonia assimilation or glutamate catabolism (14, 6, 7, 11, 12, 14, 15, 17, 18) . Although glutamate dehydrogenase has been found in many species of Bacillus (1, 10, 18) , there have been conflicting reports on the presence of a glutamate dehydrogenase in Bacillus subtilis (1, 9, 12, 14, 17, 18) . Kimura et al. (14) reported that strains 168 and PCI219 of B. subtilis possessed a glutamate dehydrogenase with dual specificity for NAD and NADP, and these investigators purified this enzyme from strain PCI219 and described its properties. In this report, we describe the properties and regulation of an NADdependent glutamate dehydrogenase purified from B. subtilis strain 168.
Cells were grown in a minimal salts (12) , nutrient broth, Penassay broth, or Trypticase soy broth medium (BBL Microbiology Systems) at 370C. Cell growth was monitored by measuring the turbidity at 600 nm, and the cultures were harvested at an absorbance of between 0.6 and 0.8. The cell pellets were suspended in either 40 mM potassium phosphate buffer, pH 7.5, containing 1 mM EDTA, 12 mM ,f-mercaptoethanol, 12 mM glutamine, 5 mM histidine, 1 mM NaN3, 1 mM phenylmethylsulfonyl fluoride, and 30% glycerol (buffer A); or 50 mM potassium phosphate buffer, pH 6.5, containing 1 mM EDTA, 6 mM,8f-mercaptoethanol, 5 mM a-ketoglutarate, and 30% glycerol (buffer B). Buffer B was used in the purification of glutamate dehydrogenase. Crude extracts, prepared in either buffer A or B as previously described (8) , contained identical activities for glutamate dehydrogenase.
Glutamate dehydrogenase was assayed at 370C by monitoring the oxidation of NADH with a Gilford recording spectrophotometer. The reaction mixture contained 90 ,umol of Tris buffer, pH 7.25, 10 ,umol of a-ketoglutarate, 0.26 Amol of NADH, and 200 ,umol of (NH4)2S04 in a final volume of 1.0 ml. The reaction was initiated by the addition of enzyme (50 ,ug of crude protein or 1 ,ug of purified protein in 10 ,tl), and the decrease in absorbance at 340 nm was monitored for 2 min. A blank consisted of the oxidation of NADH in the absence of (NH4)2SO4. Alanine dehydrogenase was assayed as described previously (21) , except that the NAD analog, Nacetylpyridine adenine dinucleotide, was used as the cofactor. The specific activity was expressed as micromoles of cofactor oxidized per minute per milligram of protein.
Strain B15 was isolated as follows. The mtr mutant NP100 (a strain 168 derivative [12] ) that possesses a derepressed tryptophan biosynthetic pathway and a high level of glutamate dehydrogenase was inoculated onto a minimal glucose plate containing tryptophan (100 ,ug/ml) and glutamate (800 ug/ml). Since trated on an Amicon XM-50 membrane and dialyzed against buffer B. This preparation was used to determine some of the kinetic properties of the enzyme. At the pH optima of 7.25 and 8.0, respectively, the amination reaction was about 10-fold more active than the deamination reaction. Substrate inhibition was found with NH4' and a-ketoglutarate, and NADH was 50-fold more active than NADPH at pH 7.25. This slight activity with NADPH was consistent with the dual specificity of this enzyme reported by Kimura et al. (14) . Neither glutamine nor asparagine could replace NH4' as a substrate. These properties were very similar to those of the glutamate dehydrogenase purified from B. subtilis strain PCI219 (14) . Although the kinetic results are consistent with a biosynthetic function, physiological studies suggest a catabolic role for glutamate dehydrogenase ( We compared the response of glutamate dehydrogenase to that of alanine dehydrogenase, a known catabolic enzyme in B. subtilis. Alanine dehydrogenase, an enzyme involved in spore germination (9) , was induced 15-to 18-fold in cells, using alanine as carbon or nitrogen source (Table 3) , and glucose or citrate had no repressive effect on enzyme activity. Glutamate dehydrogenase, on the other hand, was low in cells grown in a defined medium, except when glutamate was the carbon source (Table 3 ). In this latter case, the activity of this enzyme increased almost 50-fold, although the activity did not reach that found in cells grown on nutrient broth. This difference may reflect the fivefold difference between the growth rates of strain NP19 in these two media. Thus, the activities of both enzymes were increased in cells metabolizing glutamate or alanine as a carbon or carbonnitrogen source, respectively. As expected, the activity of both enzymes was increased in cells grown in nutrient broth (Table 3) , and glutamate dehydrogenase was increased further when glutamate was added to the medium (Table 3 ). The addition of glucose to this medium resulted in decreased activity for both enzymes.
Since glutamate plays a role in sporulation (5), we examined the possible role of glutamate dehydrogenase as a sporulation specific enzyme in the following experiments. First, we grew a guaB mutant (20) in nutrient broth containing glucose plus guanine or guanine alone. In the former case, glutamate dehydrogenase was low (1.0 ,umol h-' mg-' of protein), and in the latter case, activity was high (58 ,umol h-1 mg-' of protein). Freese and co-workers report that guanine starvation induces sporulation even in the presence of glucose (16, 20 (12) grown in a medium containing glucose and cit- rate is unknown at this time. These mutants may contain a defect in catabolite repression in general or a specific defect in the putative repressor protein for the locus that specifies glutamate dehydrogenase. Experiments are in progress to distinguish these possibilities.
